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ABSTRACT 

The I‘.S. Weat,her I3urem1 is rt1pl:tcing i~rs t r r~~nc~~~t-s l~cl tc . rc .d  thcrrnorneters  with  llygrotherrnolr~eters.  Indications 
have bccn received tha t  rc:lclings from the old : I l l d  11cw- iIlstx!lations arc in  many cases  not  compatible.  Causes  and 

A S P I R A T O R  

..“--J 
I N D I C A T O R S  

/ 
S I G N A L  C A B L E  

FI(;IRE l .~~TIggro the r r r lo~nc tc r  being  installed at most \$-eather 
I3r1rcvrn airport  stations.  The system is designed for indicating 
or rc~ording clew point and :mlbient  air  ternperntrlres through 
tho use of rcrrlotc-registerillg thermometers. A t  the exposure 
site,  t,he  sensing  thermometers  arc  sitllated  in a continuously 
aspir:tted-tl~crn~al  shield.  The clew point thermometer is encased 
in a. lithium  chloride cell which is m:tintained at  the  lithium 
chloride dcw point of the :trrlbicnt, air by an  automatic  heating 
arrnngerrlent.  Therrnomrters  employed may bc of t,hc  three- 
ltlatl rcxaistance type or the liquid-filled type,  depending on the 
tc~k~metering  system  employed bet\vecln thcrmonlcters  and 
indicators. 
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MARCH 1962 
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-2.1 -0 .7  " 0 . 2  G r o u p Z . ~ ~ . . ~ ~ . ~ ~ ~ ~ ~ ~ . ~ ~ . .  

+0.7 +0.S +O.; +0.2 +0.3 +0.6 +0.4 +0.6 +O. 1 + 0 . 7  + 0 . 5  0 .0   +0 .7  +0.3 

- 1 . 3  +I.O + I . ]  " 2 . 4  -1 .4 +o.a "2 .2  -2 .4  -0.3 - 1 . x  -2 .8  " 0 . 2  - 3 . 3  - 2 . 5  "1.3 Group3" ........- ~ ~ . ~ . ~ . .  

+O. 6 
- 1 . X  - 1 . X  -0.7 - 1 . 1   - 1 . 1  - 0 . 4 1  -1.6 -1 .4  -0 .81  -1.7 "1.3 -0.6 

Note: Wind and cloud  data  I>ascd on timcx n f  occurrence o r  the dtlily mavinlurrl aut1 minimum tcrnperaturc (6-hour averngvj. 

+= hy-gro warmer (:roup 2 Ground stations  Yon-adjacent  Group 3 Roof-to-ground 

Group 1 Ground stations  Adjacent 
Anchorage,  Alaska 
Detroit,  Mich. 
Evansville, Ind. 
n u l u t h ,  Minn. 
Green Nay, Wis. 

Hismarck, X-. I)ak. 
l%nrlinyton, Vt. 
Charleston, S.C. 
Meml)his, T(mu. 
I'ittshurgh, Pa. 
Springficld,  Ill. 

vironmentwl differences going  fronl  Group 1 to  2 to  :3 c:t11 
be seen in t h e  increased  mean v:tlues and st,andard &via- 
tions of the differenccs, and the decrettscd pcrcentttgcs of 
D, and D ,  within & 1" F. It should be noted thut D ,  
values are larger t 8 h m  those of B, in  every case. Histo- 
gram of D, and D ,  which arc shown :IS figure 2 again 
clearly illustrate t<hese relat~ionships. 

Tables 5 and 6 show nlem differenccs and frequencies 
of temperature difference for tlw Illonth of July 1960, 
for networks of stat'ions  in  Groups 2 i111t1 3, r~cspectively. 
Unfort~~nat~ely, dat,:r similar t,o those in tilhlc 1 coultl not 
be prepared for  t8he  rnont8h of J u l ~ - ,  ILS ll~-gros l r d  riot, yct 
been inst'slled at rllost of the stations  wit8h tLdjttwnt in-  
stallations. Alt~llougll  values of D, show hut  litt,le  devia- 
tion from zero in  both t,lle surface  (table 5 )  :mtl roof-to- 
surface (t,able 6) groups,  vdues of Dn Iruvc tloublcd in the 
latter group. However, the  larger rmgt  of differences in 
the roof-to-ground  st8atiorls can he sccn in the frequency 
distribut'ions shown  in  tables 5 and 6. 

Daily valtles of D, and 11, are not, corlstmt8 :tnd their 
variations are definitely  related t80 synoptic sit'utttiorls. 
This is detrlonstrated  in  t8able 7, in wllic.1~ :tver;lge values 
of D, and D, for selectctl sttktions in  Groups 1, 2, t ~ n d  3 
are compnred for various wind t t n d  cloutl  conditmions for 
the month of Decenlber 1960. This table  indicates  that, 
t'he magnitudes of D, nnd D, tend t80 be greatest  under 
conditions of light  winds and c1e:tr skies a n t 1  least under 
high-speed winds and overcast conditions. 

Figures 3 nrrtl 4  show the curllulativc  probability of 
(D,-D,) tmd (DX-D,) respectively, each for Groups 1, 
2, and 3. Examples of use of tml~ese chttrtms are :is follows: 
(1) From  figure 4, t'lle probability of a departmure of  111ini- 
mum tempernt,urc  great8er* t'hrrn 2' F. for  Group 1 is 0.5 
percent, for Group 2, 13 percent', and for  Group 3 ,  18 per- 
c,ent. (2) Again from figure 4, t'lle n1axin1um D,-D, 

- - 

- 

Colorado  Springs, Colo. 
Little  Kock,  Ark. 
Missoula,  Mont. 
San Angelo,  Tex. 
\Viuslow.  Ariz. 

vducs tha t  arc cxceeded IO percent of the t,ime are 1.2" 
for  Group 1, 2.2' for  Group 2, t ~ n d  2.5" for  Group 3. 

Other  exhibits of interest  are  tables 8, 9, and  10 showing 
frequency  distribut,ions by groups of D, and D ,  for each 
of t'lle 59 stmations  whose  December 1960 records were  used 
in  this  st'udy. The instruments are read t.0 whole  degrees 
: tnd  therefore the + 1, 0 and -1 columns may be added 
together  to  indicat#e the number of cases of no important 
differcucc. B)- t'his  definit,ion, in Group 1 only 5 percent 
of t'lre D, arlcl 9 percent of t'lw D ,  are  different.  In Group 
2 the corresponding  figures  are 21 percent' and 30 percent, 
and  in  Group 3 t8hey  are 35 percent and 41  percent. 
There arc large  differences  in  magnitude  and also differ- 
ences in  sign  between various statmioris.  Table 11 shows 
colnparative D, and D, data for  a  small  network of st,%- 
tiorls for  Illid-months of each  season,  for which processed 
dtLt t t  were avtailable. A g t h  there are wide variat'ions be- 
tween stt~t~ions,  hut the nurnber of cases  in  Groups 2 and 
3 with nlettn monthly differences  bet'ween  hygro  and shel- 
ter of 1 " R I I ~  2' or more  is  disturbingly  large.  Ext,remes 
are -4.6"  in July at' Louisville and f 4 . 3 "  in  July  at San 
Arr gelo . 

- - 

TABLE 8."Frequencq diafrihution of temperature  differences for 
Group  1 data (ground stations-adjacent),  December 1960 

I L1aximum ~ 1 Minimum 

" 

+3 +2 +1 0 -1 -2 

Anchorage, Alaska.-" ........ ~ 

+2 +1 0 -1 -2 

6 13  10  1 2 27 1 
1 1 6 19 3 1 IWtrn i t ,   h l ick  .... ~~.~ .-...... 9 1 9  2 1 

El Paso, ' lk\*--- .... ~.~ ....... 
Evansville,  Inrl ... . . ~ ~ . ~  ...  ... 

14 16 1 4 9 14 4 

G r w n  Ihy, $Vis--.-".- ....... 
6 17 1 

11 19 1 2 11 17 1 
2 17 5 

*.January 1961 data 
+=hygrn warmer 



4. CONCLUSIONS 

1 



TABLE 10.-Frequency  distribution of tenzperature  dif ferences  for  Group 3 data  (non-adjacent-shelter  on  roof,   hyyro  on  ground),   December 1960. 
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TABLE 11.-Comparative aumn~ar ized  da ta   f o r  selected monthe,  1060 
1 ~ ~ -  ~ ~ ~~ " 

I I I 
Mean  maximum  trmyerature Mean minimum  temperature 

Ileight 

Ut.) 

diffcrcnce (" F.) difference (" F.) 

May July Oct. Dee. M a y  July Oct. Dec. 

l i m o  - . 

0.0 +O. 6 to. 7 
+O. 7 t l . 4  

-0.4 -0. 7 +o. 3 +O. 4 4 

+O. 4 

+l .  I 
-1.3 
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-n. 2 

+0 2 -n. I 
- 0 .  5 
-1.4 

-1.6 
-0.3 

-1. 4 

+I. 0 

"o. 1 
-1. 4 

-0. J 
+n. 2 
-0.3 

-0. 5 
-0.6 - 1 . 7  -2.4 -1.2 

$0.1 

1 2 . 5  +o. 9 -0. 2 -1. 2 
in. 1 
+2. 7 
-0. 8 

+O. 1 
-0.4 

+O. 2 

+o. "o., 
+n. B 

+o. 4 
+l. 0 
-0. 7 
-0.8 

+O. 1 
-1. n 

+l. 1 

-0. 4 

-1.0 -0.3 -0. 4 -0.6 
-1.1 -2.4 -1.2 

+0.3 +0. 4 $0.5 
AX f' -1 .5 , -. ._ 
+O. 3 "1. 1 
-0.3 t 0 . A  -1.5 -1.2 

+n. 5 

+O. 1 -0.3 0.0 -0.2 
-0.3 -0.7 "0.3 -1.0 

-. .. 

-0.8 -0.4 
-0.1 -0.2  +0.4 

16 
2X 
20 
39 
4Y 
21 
25 
30 
17 
28 
16 
36 
26 
35 
49 
26 
20 
18 
- 

+o. 1 

"1. x 
"1.6 

0.0 
-0.2 

+I. 3 

- 1 . 4  

-0. 1 

i o .  8 
F 2 . 8  

+o. 4 
-1.8 

-1 0 

-1.0 
-1.6 
-2.6 

-0.9 
-0.7 +a. 4 

- 0 .  6 
+I. 4 + I .  4 
+2.4 - 2. 6 
-0. 5 -0.8 
-4.6 -2.9 -1.0 

+2. 1 
-2.9 

"2.4 
0 .  0 

-0. 1 
-1 II 

-0.7 
" 1 . 7  

5 
4 
6 
4 
'5 
6 
4 
6 
6 
5 
6 
5 
4 
5 
6 
5 
4 
3 
- 

-0.1 +l. 4 
-2.3 -3 .6 

+O. 4 +O. 2 
-0.8 0.0 

+O. 1 +O. 2 0.0 

+0.4 "2.1 
+1. 1 -0.4 

-2. 7 
-0.9 "3.0 
-2.3  -2.3 -1.5 

-0.7 -0.8 -1. 1 

+0.5 -0.4 
-2.7 

c1. fi 
-3.4 
-1.7 
-0.7 

+o. 1 
-0.4 

-2. a 
-0.2 

-1.1 

+l. 2 
+4.3 
+O. 7 
-0.3 
+0. 9 

.. - 
-0.1 
+l. 4 
+O. 1 
-1.4 
-1.6 

~. . 
+0. 4 -1.4 
-0.6 +1.0 

-1.1 
-1. 7 

0.0 

, ~. . 

825843-62-3 



96 MONTHLY WEATHER ItEVIEW M A R C H  1962 

TABLE 12.--Excerpts from correspondence  with  stations on thermom- 
eter  exposure. 

~~~ ~~~ . . . 

A. Shelter on blacktop  and  concrete roof, hygro over  sand anrl gravel; vihratiori  by wind 

B. Shelter  on roof with  strong  radiation,  hygro  over sod. 
shakes down minimum  thermomctor;  prop  and jrt wash  hit  shelter. 

D. Shelter  between  two large pevctl areas, hygro ovcr sod. 
C. Hot  air  exhaust  vent near shelter on roof, hygro over sod 

E. Shelter  over  gravel soil with sparsc grass; coucretc and hlacktop nearhv. also build- 
ines:  aircraft  warmine  affects reittlinszs. 

F. SheEer  on  gravel-cove& asphalt roofihoat ing elf& horn  building. 
G.  Shelter  over  hcavy sod which is watered in summer. 
H. Spray  from cooling  tower  affects  shelter. 
I. Shelter  has  air  conditioning  towers  and  vents nearhg, also water 1 to 3 inches on roof 

J. Watering of grass around sheltcr lowrrrs tmnperature. 
K. Shelter on gravel roof u-ith  cooling  system  nearby. 
L. Nearhv  striu eivcs occasional i c t  and w o n  wash to  hvero. 

most of time. 

M. Chinooks  &use  momentary 1a"rgc charigcs'in tcmprralure. 
N. Hygro  over  poorly  drained arcit. 
0. Drainage  ditch  with  dikes 1&12 feet aborc  hygro; \ \ hen  

P. Puddlcs of water around hygro   a f ta  rain and thaws. 

". 

hygro  is  very  nct. 

IIygro  over  icr in 

ditch  full,  ground 

\!-inter. 

around 

stations wit'h adjacent  inst~ullutions. They  are also grcatcr 
at  those  that' 111:lde both  a  horizontal  and  vertical  move 
than  at  those t'hat made only a llorizorltnl ~ n o v c .  T h e  
latter differences are again evident  in  the study for the 
rnont~h of July 1960 at 34 stations m d  studies  for  smaller 
networks for the months of May and October 1960. 

These conclusions arc  again tlerllonstrat~cd l>y the  lmt 
three  items in t'ablc 4. They show t~ decrease in the per- 
centage of time  the  rc:~dings are in  agreenlcnt (wit'hin 
1' F.) from Group 1 to 2 t t n d  2 to  3 .  This is also tlernon- 
strated in figures 3 and 4 which  show t#he probabilities of 
differences exceeding given  amounts. 

( 2 )  Values of D, and D,  arc related  to  synoptic  situa- 
tions,  being  greatest  under  conditions of light  winds and 
clear  skies and least on d t t y s  with high-speed winds and 
overcast  skies, as denlonstrat~ed  in  table 7. This  indicates 
that both ventilation and radiat'ion  contribute  to  t,he dif- 
ferences. The  hygro is  uniformly  ventilat'etl by forced 
draft  and is better  able to  measure  temperature :tccuratcly 
under all conditions. 

(3) When  t'he  change of instrumentmation  was  accom- 
panied  by a change in  location  (eit'her  horizontal  or 
vertical or both)  the  temperature clirnat'ology of that 
station was quite  Irequerltly  seriously affect'ed. This is 
true  even  though in most ctLses the  hygro location  can 
be corlsideretl t~ better observing sit'e. 

It is itnportant that users ol temperature d a h  be 
informed ol the wide mnge of discontinuities  introduced 
by the mass c1l:~nge in instr~u~nent~al exposures.  Morlt'hly 
lnean  tctnper:tt'ures hnve been ch:trrgetl b y  alnount's ex- 
ceeding 2' F. in  nlany  cases, and 3' F. in :t few cases. 
Rcc::~use of the number of stations  ir~volved, t'hc prepara- 
tion of rmorllaly charts will be difficult until  such  time as 
new station normttls ctm be prepred .  Students of 
c.linlrltologicd trends are wwnetl that t h e  exposure con- 
tinuity  has  been  disrupted ; k t  nlany  sttttions, and that 
corrections must be determined and applied. Users of 
degree-(lay data are dvised  that,  current data  cannot be 
applied  to thc old nornlals. 'I'hose studying temperature 
extrc>rrkes shoultl b e  a w ~ r * e  ol the fac t  that'  the dozens of 
extrenre records that; recently  have been broken were not 
the result ol n sudden shilt  in  climate, but of a change in 
exposures for a ltwge p ~ r t  of the  network. 
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